Background and Purpose: The National Institute of Health Stroke Scale (NIHSS) is rapid and reproducible, a seemingly attractive metric for the documentation of clinical progress in patients presenting with ischemic stroke. Many institutions have adopted it into daily clinical practice. Unfortunately, the scale may not adequately capture all forms of functional change. We evaluate its utility as a measure of recovery in patients treated with intravenous tissue plasminogen activator (IV tPA) for ischemic stroke. Methods: We prospectively evaluated the difference in the rate of improvement based on NIHSS (a ≥ 4 point change based on previous trials) versus physician-documented subjective and objective measures in 41 patients' status post IV tPA treatment. The NIHSS 24 hours posttreatment, on discharge, and at follow-up were compared to NIHSS on admission using tests of proportions and McNemar tests of paired data. Secondary analyses were performed defining significant improvement as NIHSS changes of 1 to 3 points. Results: The mean NIHSS improved from 9 to 6, 24 hours post-tPA. Of the 41 patients, 29 improved by physician documentation, although only 11 of the 29 met the NIHSS criteria (P < .001; McNemar P < .001). On discharge, 20 of the 41 patients met the NIHSS criteria; however, the proportion ''better'' by physician documentation (71%) remained significantly higher (P ¼ .04; McNemar P ¼ .004). The mean postdischarge follow-up NIHSS was 2. Twenty of the 21 patients improved by documentation versus 16 of the 21 by NIHSS (P ¼ .08, McNemar P ¼ .125). Using NIHSS changes of 1 to 3 increased sensitivity for detecting improvement but remained lower than physician documentation. Conclusion: The NIHSS has many advantages; however, it may miss functional changes when used in place of a comprehensive neurological examination to measure improvement poststroke.
Introduction
The ability to efficiently document an accurate, reproducible assessment of neurologic function that can be followed over the course of a hospitalization is critical, particularly in patients presenting with ischemic stroke who must be monitored closely for functional improvement or decline. The National Institute of Health Stroke Scale (NIHSS) is one of the most commonly used measures of both initial stroke severity and response to treatment, particularly in the acute setting, and has many advantages. The scale was designed as a rapid, reproducible screening tool and is effective in this role. Many institutions have also incorporated it into their daily clinical practice as a way to evaluate patient progress over time. However, its utility in this role is less clear. It is well accepted that the NIHSS is not a substitute for a comprehensive neurological examination when considering the localization of a lesion or impact of subtle deficits. This is predominantly due to the inherently coarse nature of the scale. The NIHSS can underrepresent the size of infarction for both posterior circulation and right hemisphere lesions 1, 2 and is more heavily weighted toward gross motor and language tasks, rendering it less sensitive to milder changes in domains such as distal finger movement or cognition that can have a significant impact on functional outcome. 3, 4 There is a lack of standardization in the way neurologic function is monitored and recorded across institutions in the inpatient setting. The NIHSS is used by nursing staff at many hospitals to document clinical status and determine when to notify providers of a change in examination. In prior studies, a change in NIHSS score of 4 or more was the threshold used to define significant deterioration due to symptomatic intracerebral hemorrhage. 5 In the National Institute of Neurological Disorders and Stroke (NINDS) trial comparing intravenous tissue plasminogen activator (IV tPA) to placebo for the treatment of acute ischemic stroke, the same 4-point cutoff was also used to define clinically significant improvement. 6 Despite its use in trials, the utility of the NIHSS to monitor and document functional improvement or decline as part of routine monitoring has not been well evaluated, and the ideal threshold for significant change is even less clear.
In this study, we evaluate the performance of the NIHSS in detecting clinical improvement in 41 patients treated with IV tPA for acute ischemic stroke during both the acute hospitalization and at follow-up. Given its limitations, we suspect the NIHSS will be significantly less sensitive than physician documentation at all time points, but the degree of insensitivity will help to determine the trade-off in using a standardized, well-known screening tool for clinical documentation.
Methods

Data Collection
The Johns Hopkins Institutional Review Board approved this study. A waiver of consent was granted, given that data were obtained primarily for quality assurance purposes, and data were prospectively collected for all patients receiving IV tPA for acute ischemic stroke at our tertiary referral, academic stroke center over a 14-month period. Charts were reviewed for variables of interest including patient demographics and stroke risk factors; stroke location and etiology (by Trial of Org 10172 in Acute Stroke Treatment [TOAST] criteria 7 ); NIHSS: on admission, 24 hours post-tPA, on discharge, and at outpatient follow-up; and both subjective (documented opinion) and objective (change in neurological examination) improvement documented by the treating physician at each time point. A formal NIHSS was performed for all patients at the time of administration of IV tPA and at outpatient follow-up (1-3 months postdischarge). The physician-documented neurological examination was used to extrapolate the NIHSS 24 hours post-tPA and on discharge when no formal NIHSS was recorded. 8 In order to avoid bias, 2 separate reviewers (EBM and RHL), blinded to NIHSS documentation (located separately within the chart), reviewed the daily progress notes for evidence of improvement at all time points. Improvement was defined as (1) the treating physician's documented expert opinion, typically reported within the assessment and/or (2) an objectively documented change in comprehensive neurologic examination within the physical examination section. When there was disagreement in whether the patient met the criteria for improvement, resolution was achieved by joint chart review (n ¼ 6).
Data Analysis
Changes in NIHSS were calculated at each time point: 24 hours post-tPA, on discharge, and at 1-to 3-month follow-up. For our primary analysis, we evaluated ''significant improvement'' for each time point by the NIHSS criteria compared to physician documentation using a test of proportions and McNemar test of paired data. We defined significant improvement by NIHSS as a 4-point change in score based on the NINDS r-tPA trial. The sensitivity and specificity for the NIHSS' ability to detect improvement was subsequently calculated for each time point using physician documentation as the gold standard. In a secondary analysis, we redefined the NIHSS criteria using changes of 1, 2, and 3 points. The percentage agreement between NIHSS and provider documentation was calculated for each threshold.
Results
Approximately 250 patients were admitted to our institution with acute ischemia between July 2013 and September 2014. Forty-one (16.4%) received IV tPA, above the national average of 4% to 7%. 9 All patients were followed over the course of their hospital stay for improvement. The average age of the cohort was 66 years. Sixty-one percent were women and 32% were African American. The mean time to treatment was 155 minutes. Nineteen were located within the right hemisphere and 2 in the posterior circulation. Fifteen were determined to be cardioembolic, 14 large vessel, and 5 lacunar infarcts. The mean NIHSS on presentation was 9 (median: 8) and improved to 6 (median: 5) 24 hours postadministration. Twenty-nine (71%) of the 41 patients were documented to be subjectively ''better''; however, the average change in NIHSS score was 2 points, and only 11 (27% of the total population) met the NIHSS criteria for improvement (P vs clinical documentation <.001, McNemar P < .001; Figure 1 ). At discharge, the mean NIHSS score was 5 (median: 3). Twenty (49%) patients met criteria for improvement in this case, but this proportion remained significantly lower than those meeting criteria by physician documentation (71%; P ¼ .04, McNemar P ¼ .004). Twenty-one (51%) of the initial cohort returned for outpatient follow-up after hospital discharge (median time to follow-up ¼ 1 month). The mean NIHSS at follow-up was 2 (median: 3). Ninety-five (20 of 21) percent of patients were subjectively better, whereas 16 (76%) of 21 had a greater than 4 point change in NIHSS score (P ¼ .08, McNemar P ¼ .125). The sensitivity of the NIHSS to detect improvement compared to physician documentation was 37.9% at 24 hours post-tPA, 68.9% at discharge, and 80% at follow-up, with a specificity of 100% at each time point.
When patients were stratified by lesion location (right hemisphere and posterior circulation vs left hemisphere), there was no difference in results. When patients were stratified by presenting NIHSS (divided at the median value of 8), those with lower scores showed a greater discrepancy in progress documented by NIHSS versus physician documentation for all time points (Table 1) . When 1-to 3-point changes in NIHSS were used to define significant clinical improvement posttPA rather than 4, the percentage agreement (number agreed upon/number of total cases) of significant improvement between NIHSS criteria and physician documentation improved from 4: 54%, to 3: 66%, 2: 78%, and 1: 83%, respectively. Percentage agreements for each cutoff at each time point (post-tPA, discharge, and follow-up) are displayed in Table 2 .
Discussion
Given that tPA restores blood flow to the ischemic penumbra through recanalization, one would expect potentially to see high rates of significant improvement in clinical examination 24 hours posttreatment. We therefore chose this cohort as our population in which to evaluate the utility of the NIHSS to follow change in neurologic function. Our results indicate that as expected, relying solely on the NIHSS can underestimate patient improvement and may not be the ideal choice for monitoring, despite its ease of administration. Chart review identified 18 patients who benefitted from IV tPA in the acute setting based on physician opinion and an improved comprehensive neurological examination but did not meet NIHSS criteria (change of 4 points). The insensitivity of our current outcome metrics to detect improvement may somewhat explain why until recently many of the clinical trials in stroke treatment failed to show statistically significant results. [10] [11] [12] [13] Although the NIHSS has its strengths, it is not necessarily adequate as a measure of daily progress or an outcome tool to determine whether an individual is getting better, and if so by how much. These overall results are consistent with those seen in the NINDS trial, with an increased number of patients showing improvement by NIHSS criteria at follow-up compared to 24 hours posttreatment and on discharge. Improved sensitivity at follow-up is likely due to the fact that a small amount of brain saved enhances recovery over time, as reorganization occurs until a critical point is reached where improvement is detectable by any metric, regardless of how sensitive. We hypothesized that the inaccurate representation of the right hemisphere and posterior circulation function may contribute to the insensitivity of NIHSS. The number of posterior circulation events was too small to analyze separately; however, when we evaluated those with right hemisphere and posterior circulation lesions compared to left hemisphere strokes, there was no difference in the sensitivity of the NIHSS to measure improvement in our population. The sensitivity of the scale was, however, dependent on admission NIHSS score. The scale was more likely to show significant improvement in those with scores of 8. This likely reflects the fact that patients with severe strokes have a larger potential for improvement, whereas those with lower scores need to recover almost completely in order to meet criteria. This also suggests that the NIHSS may be sensitive enough to detect improvement in those patients with large vessel occlusions who typically present with higher admission NIHSS scores but not as useful in those presenting with smaller lacunar infarcts and lower scores. Unfortunately, despite low scores, individuals with ''minor strokes'' (NIHSS <5) continue to experience significant problems that impact their relationships with others, return to work, and reintegration into society.
14 It is important to have the ability to follow their progress as well.
Given the limitations of requiring an NIHSS change of 4 points or more to define significant functional change, we evaluated the impact of using lower thresholds to define improvement. Using values of 3, 2, and 1, we did find higher rates of percentage agreement with physician documentation. The difficulty with using lower cutoffs is the interrater variability of the NIHSS, 15 which may increase the rate of falsepositive changes in examination when lower thresholds are used. Therefore, determining the most ideal threshold is difficult and may vary for each patient, and although we focused here on clinical improvement, it may be most relevant when considering functional decline. An additional complicating factor is the nonlinearity of the NIHSS. A change in score from 1 to 3 due to a newly paretic limb represents significant worsening, whereas a change from 18 to 20 in a patient with encephalopathy may not. These factors highlight the relative importance of provider judgment compared to relying solely on numeric values.
Our study is not without limitations. It is based on the experiences of a single stroke center. Although much of the data were collected prospectively, some values of NIHSS posttreatment and on discharge were retrospectively extrapolated. Extrapolation was based on a complete neurological examination, a method previously shown to have good accuracy and reproducibility. 8 There was also a significant number of patients lost to follow-up, resulting in a smaller sample size for our final comparison at postdischarge follow-up. It is possible that patients who followed up in clinic were different than those who did not (ie, had lower NIHSS scores than those lost to follow-up); however, there is no indication that this would have biased our findings when comparing improvement or change in function via NIHSS score to physician documentation, particularly in the acute setting. Additionally, it is possible that the reviewers identified too many patients as having a significant improvement. However, improvement was evaluated independently by 2 blinded reviewers, with good interrater reliability (k ¼ 0.63). Finally, our stroke center is in an urban setting, with high rates of both atrial fibrillation and carotid disease. It is possible that our results are not generalizable to every population.
Regardless of the limitations, our findings illustrate the inadequacies of the NIHSS in capturing changes in functional outcome, particularly when used for daily neurologic monitoring in patients with lower NIHSS scores. This has important implications as we consider how best to standardize assessment and documentation practices for monitoring both daily progress and overall short-and long-term outcome. A more sensitive tool is needed that maintains the efficiency and reproducibility of the NIHSS. Testing of one such battery is currently underway at our institution.
Conclusion
The NIHSS is a rapid, reproducible, assessment of severity in the acute stroke setting; but, as a metric for improvement posttreatment, it may inadequately capture functional changes, particularly for daily monitoring in those with lower NIHSS scores.
